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(57) ABSTRACT

A LED driving circuit having a sensing unit is disclosed. The
LED driving circuit includes an input unit configured to
receive a dimming signal to drive an LED array, a DC-DC
converter including a power transistor configured to perform
aswitching operation, the DC-DC converter being configured
to provide an output voltage to the LED array by the switching
operation, a PWM signal generating unit configured to pro-
vide a PWM signal to adjust power of the LED array to the
power transistor, a LED driving unit configured to drive the
LED array using the dimming signal, and a sensing unit
configured to sense degradation of the power transistor.

21 Claims, 9 Drawing Sheets
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1
LED DRIVER CIRCUIT HAVING A SENSING
UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application No. 10-2011-0055127, filed
onJun. 8, 2011, in the Korean Intellectual Property Office, the
entire disclosure of which is incorporated herein by reference
for all purposes.

BACKGROUND

1. Field

The following description relates to an LED driving cir-
cuit, such as, for example, an LED driving circuit that senses
an error of a power transistor that boosts an LED array.

2. Description of Related Art

Liquid Crystal Displays (LCD) are widely used because
they are thinner and lighter and require less driving voltage
and power consumption than other display apparatuses. How-
ever, since LCDs are non-luminous elements that cannot illu-
minate themselves, they need additional backlight for supply-
ing light to an LCD panel.

Cold Cathode Fluorescent Lamps (CCFLs) and Light
Emitting Diodes (LEDs) are widely used as backlight sources
for LCD apparatuses. CCFLs utilize mercury and, as such,
create environmental concerns. In addition, CCFLs have slow
response speed, have low color reproducibility, and are not
adequate for the compact size of an LCD panel.

On the other hand, LEDs do not use pollutant material. As
a result, LEDs are relatively environmentally friendly. Fur-
ther, LEDs are capable of impulse driving, which may serve
to increase response speeds. In addition, LEDs have excellent
color reproducibility and are able to adjust the light volumes
ofred, green, and blue light emitting diodes, thereby enabling
changes to the brightness, color, and temperature of the light
emitted therefrom. Moreover, LEDs are adequate for the
compact size of LCD panels. Accordingly, LEDs are widely
used as backlight sources in LCD panels.

In a case where a plurality of LEDs are connected in series,
such as, for example, in an LED array, in an LCD backlight
where LEDs are used, there is needed a driving circuit pro-
viding constant current to the LEDs and a DC-DC converter
to adjust power to the LEDs. As an example, the DC-DC
converter has a power transistor. The DC-DC converter inputs
pulse width modulation (PWM) signals provided to a gate of
the power transistor. Further, the DC-DC converter performs
boosting to drive the LED:s.

Meanwhile, there are cases where such a power transistor
is depleted by an extended driving of LEDs, shock, or the like.
As such, when the power transistor is depleted, it is unable to
maintain a desired output voltage to drive the LEDs. Thus, the
power transistor is unable to perform boosting to drive the
LEDs. Further, there is not an ability in the related art to sense
power transistor depletion in order provide some sort of warn-
ing or corrective measure. As a result, the ability to sense
power transistor depletion is highly desired.

SUMMARY

In a general aspect, there is provided a LED driving circuit,
including an input unit configured to receive a dimming sig-
nal to drive an LED array, a DC-DC converter including a
power transistor configured to perform a switching operation,
the DC-DC converter being configured to provide an output
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voltage to the LED array by the switching operation, a PWM
signal generating unit configured to provide a PWM signal to
adjust power of the LED array to the power transistor, a LED
driving unit configured to drive the LED array using the
dimming signal, and a sensing unit configured to sense deg-
radation of the power transistor.

The general aspect of the LED driving circuit may further
provide that a source voltage of the power transistor is used by
the sensing unit to sense the degradation of the power tran-
sistor.

The general aspect of the LED driving circuit may further
provide that the sensing unit includes a first comparator con-
figured to output a first high signal if a voltage level of a
source voltage of the power transistor is greater than a voltage
level of a predetermined first voltage. The outputted first high
signal is used by the sensing unit to sense the degradation of
the power transistor.

The general aspect of the LED driving circuit may further
provide that the first comparator includes a hysteresis com-
parator configured to output the first high signal and a low
signal, the first high signal being outputted if the voltage level
of the source voltage is greater than the voltage level of the
predetermined first voltage, the low signal being outputted if
the voltage level of the source voltage is less than a voltage
level of a predetermined second voltage, the voltage level of
the predetermined second voltage being less than the voltage
level of the predetermined first voltage.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a capacitor, a
first transistor, and a second comparator, the first transistor
being turned on and configured to provide a constant current
to the capacitor if the first comparator outputs the first high
signal, the second comparator being configured to output a
second high signal if a voltage level of the capacitor is greater
than a voltage level of a predetermined third voltage. The
outputted second high signal is used by the sensing unit to
sense the degradation of the power transistor.

The general aspect of the LED driving circuit may further
provide that the capacitor includes a capacitance of 1 pF. The
constant current is 1 pA. The voltage level of the predeter-
mined third voltage is 1 V.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a second tran-
sistor configured to discharge the capacitor according to an
external control signal.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a recovering unit
configured to control the second transistor to discharge the
capacitor, if the voltage level of the source voltage of the
power transistor is less than a voltage level of a predetermined
fourth voltage, the voltage level of the predetermined fourth
voltage being less than the voltage level of the predetermined
first voltage.

The general aspect of the LED driving circuit may further
provide that the recovering unit is further configured to con-
trol the second transistor to be turned on, if the dimming
signal is a low signal and the voltage level of the source
voltage of the power transistor is less than the voltage level of
the predetermined fourth voltage.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a second tran-
sistor and a recovering unit, the second transistor being con-
figured to discharge the capacitor, the recovering unit being
configured to control the second transistor to discharge the
capacitor, if the voltage level of the source voltage of the
power transistor is less than a voltage level of a predetermined
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fourth voltage, the voltage level of the predetermined fourth
voltage being less than the voltage level of the predetermined
first voltage.

The general aspect of the LED driving circuit may further
provide that the recovering unit is further configured to con-
trol the second transistor to be turned on, if the dimming
signal is a low signal and the voltage level of the source
voltage of the power transistor is less than the voltage level of
the predetermined fourth voltage.

The general aspect of the LED driving circuit may further
provide that the PWM signal generating unit includes a feed-
back unit configured to compare a voltage level of a node in
contact with the LED array and the LED driving unit with a
voltage level of a predetermined fifth voltage and output a
voltage indicating a result of the comparison, the output volt-
age of the feedback unit being used by the sensing unit to
sense the degradation of the power transistor.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a capacitor, a
first comparator, a first transistor, and a second comparator,
the first comparator being configured to output a high signal
if a voltage level of the output voltage of the feedback unit is
greater than a voltage level of a predetermined first voltage,
the first transistor being turned on and configured to provide
a constant current to the capacitor if the first comparator
outputs the high signal, the second comparator being config-
ured to output an error signal if a voltage level of the capacitor
is greater than a voltage level of a predetermined third volt-
age, the outputted error signal ofthe second comparator being
used by the sensing unit to sense the degradation of the power
transistor.

The general aspect of the LED driving circuit may further
provide that the first comparator includes a hysteresis com-
parator configured to output the high signal and a low signal,
the high signal being outputted if the voltage level of the
output voltage of the feedback unit is greater than the voltage
level of the predetermined first voltage, the low signal being
outputted if the voltage level of the output voltage of the
feedback unit is less than a voltage level of a predetermined
second voltage, the voltage level of the predetermined second
voltage being less than the voltage level of the predetermined
first voltage.

The general aspect of the LED driving circuit may further
provide that the capacitor includes a capacitance of 1 pF. The
constant current is 1 pA. The voltage level of the predeter-
mined third voltage is 1 V.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a second tran-
sistor configured to discharge the capacitor according to an
external control signal.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a recovering unit
configured to control the second transistor to discharge the
capacitor, if the voltage level of the output voltage of the
feedback unit is less than a voltage level of a predetermined
fourth voltage, the voltage level of the predetermined fourth
voltage being less than the voltage level of the predetermined
first voltage.

The general aspect of the LED driving circuit may further
provide that the recovering unit is further configured to con-
trol the second transistor to be turned on, if the dimming
signal is a low signal and the voltage level of the output
voltage of the feedback unit is less than the voltage level of the
predetermined fourth voltage.

The general aspect of the LED driving circuit may further
provide that the sensing unit further includes a second tran-
sistor and a recovering unit, the second transistor being con-
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figured to discharge the capacitor; the recovering unit being
configured to control the second transistor to discharge the
capacitor, if the voltage level of the output voltage of the
feedback unit is less than a voltage level of a predetermined
fourth voltage, the voltage level of the predetermined fourth
voltage being less than the voltage level of the predetermined
first voltage.

The general aspect of the LED driving circuit may further
provide that the recovering unit is further configured to con-
trol the second transistor to be turned on, if the dimming
signal is a low signal and the voltage level of the output
voltage of the feedback unit is less than the voltage level of the
predetermined fourth voltage.

The general aspect of the LED driving circuit may further
provide thatthe PWM signal generating unit includes a signal
generating unit, a feedback unit, and a control unit, the signal
generating unit being configured to generate the PWM signal
to be provided to the power transistor of the DC-DC con-
verter, the feedback unit being configured to compare a volt-
age level ofanode in contact with the LED array and the LED
driving unit with a voltage level of a predetermined fifth
voltage and outputs a voltage indicating a result of the com-
parison, the control unit being configured to control the signal
generating unit to reset the PWM signal if a voltage level of a
first added voltage, where a source voltage of the power
transistor and a triangle wave having a predetermined fre-
quency are added, is greater than a voltage level of a second
added voltage, where the output voltage of the feedback unit
and a predetermined sixth voltage are added.

Other features and aspects may be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram illustrating a LED driving circuit
according to an example embodiment.

FIG. 2is acircuit diagram illustrating a LED driving circuit
according to an example embodiment.

FIG. 3 is a circuit diagram illustrating a sensing unit
according to an example embodiment.

FIG. 4 is a circuit diagram illustrating a sensing unit
according to another example embodiment.

FIG. 5 is a view illustrating an example of a truth table of a
NOR gate.

FIG. 6 is a wave diagram illustrating an example of an
explanation of operations of a LED driving circuit during
normal operation.

FIG. 7 is a wave diagram illustrating an example of an
explanation of operations of a LED driving circuit during
abnormal operation.

FIGS. 8 and 9 are wave diagrams illustrating examples of
explanations of operations of a sensing unit according to an
example embodiment.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
systems, apparatuses and/or methods described herein will be
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suggested to those of ordinary skill in the art. In addition,
descriptions of well-known functions and constructions may
be omitted for increased clarity and conciseness.

FIG. 1 s a block diagram illustrating a LED driving circuit
1000 according to an example embodiment. Referring to FIG.
1, the LED driving circuit 1000 includes an input unit 100, a
PWM signal generating unit 200, a DC-DC converter 300, a
LED driving unit 400, a LED array 500, and a sensing unit
600.

The input unit 100 receives a dimming signal PWMI to
drive the LED array. For example, there are three methods for
digital dimming of an LED: direct mode, fixed phase mode,
and phase shift mode. Herein, the direct mode is a method of
controlling both a PWM frequency and On Duty externally
(PAD), whereas the fixed phase mode and phase shift mode
are methods of generating a PWM frequency internally in an
integrated circuit (IC) while receiving only the On Duty from
the PAD. Herein, adimming signal (PWMI) provides instruc-
tion to adjust a brightness, color, and temperature of the LED
or compensate for a temperature.

The PWM signal generating unit 200 provides a PWM
signal to adjust power ofthe LED array 500. The PWM signal
generating unit 200 will be explained further with reference to
FIG. 2.

The DC-DC converter 300 includes a power transistor that
performs switching operations. The DC-DC converter 300
provides an output voltage to the LED array according to a
switching operation of the power transistor. For example, the
DC-DC converter 300 converts a DC voltage based on the
provided PWM signal, and provides the converted DC volt-
age to the LED array 500. Herein, the DC-DC converter 300
may provide, to the LED array 500, a voltage corresponding
to a forward direction virus voltage of the LED array 500,
thereby enabling the LED array 500 to operate in a saturation
region.

The LED driving unit 400 drives the LED array 500 using
the dimming signal PWMI. For example, the LED driving
unit 400 adjusts a driving current inside the LED array 500
using the dimming signal PWMI.

The sensing unit 600 senses degradation of the power tran-
sistor. For example, the sensing unit 600 senses a shut or the
like in the power transistor of the DC-DC converter 300.
Configuration and operations of the sensing unit 600 will be
explained further with reference to FIGS. 3 and 4.

FIG. 2 is a circuit diagram illustrating a LED driving circuit
1000 according to an example embodiment. Referring to FIG.
2, the LED driving circuit 1000 includes an input unit 100, a
PWM signal generating unit 200, a DC-DC converter 300, a
LED driving unit 400, and a LED array 500. While a sensing
unit 600 is not illustrated in FIG. 2, when embodying the
circuit, the circuit in FIG. 3 or FIG. 4 may be provided at one
side of FIG. 2.

The input unit 100 receives a dimming signal PWMI to
drive the LED array 500 from outside.

The PWM signal generating unit 200 generates a PWM
signal PWM_OUT to be provided to the DC-DC converter
300. The PWM signal generating unit 200 includes a clock
signal 210, a signal generating unit 220, a control unit 230, a
summing unit 240, and a feedback unit 250.

The clock signal 210 has a predetermined frequency. In this
example, the clock signal 210 is generated by using an oscil-
lator of the LED driving circuit 1000 itself, received from
outside, or the like.

The signal generating unit 220 generates the PWM signal
PWM_OUT to be provided to the power transistor of the
DC-DC converter 300. For example, the signal generating
unit 220 is embodied as an RS flipflop. Herein, the RS flipflop
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receives the clock signal 210 by a set input and an output of
the control unit 230 as a reset input. The RS flipflop outputs
‘1> when a set signal is input, and outputs ‘0’ when a reset
signal is input.

The control unit 230 controls the signal generating unit
220. For example, the control unit 230 includes an OP-AMP
that receives a first added voltage, where a source voltage of
the power transistor and a triangle wave having a predeter-
mined frequency are added in a positive terminal of the OP-
AMP, and a second added voltage, where an output voltage of
the feedback unit 250 and a predetermined sixth voltage, such
as, for example, 1.5V, are added in a negative terminal of the
OP-AMP. The control unit 230 provides a difference of the
first added voltage and the second added voltage to the signal
generating unit 220.

The summing unit 240 adds the source voltage of the power
transistor of the DC-DC converter 300 and the triangle wave
having a predetermined frequency and outputs the sum
thereof to the positive terminal of the OP-AMP of the control
unit 230. In addition, the summing unit 240 adds the output
voltage of the feedback unit 250 and the predetermined sixth
voltage and outputs the sum thereof to the negative terminal
of the OP-AMP of the control unit 230.

The feedback unit 250 measures a power, such as, for
example, a voltage of a node where the LED array 500 meets
the LED driving unit 400, supplied to the LED array 500,
compares the measured power with a predetermined fifth
voltage (or a predetermined reference voltage), and provides
the difference thereof'to the control unit 230. For example, the
voltage V_FB of the node where the LED array 500 meets the
LED driving unit 400, an output voltage Vout of the DC-DC
converter 300, or the like is measured as the power by the
feedback unit 250.

As an example, the DC-DC converter 300 includes an
inductor, a power transistor (or booster gate), and a booster
switch consisting of diodes. The DC-DC converter illustrated
in FIG. 2 performs the same operations as a general booster
switcher, and, thus, detailed explanation is omitted.

The LED driving unit 400 is a constant current controller.
The LED driving unit 400 illustrated in FIG. 2 is a constant
current controller generally used in an LED driving circuit,
and thus detailed explanation is omitted.

The following discussion provides an example of the con-
figuration and operations of the sensing units 600 and 1600
with reference to FIGS. 3 and 4, respectively.

FIG. 3 is a circuit diagram illustrating a sensing unit 600
according to an example embodiment. The sensing unit 600
uses the source voltage of the power transistor of the DC-DC
converter 300 to sense degradation of the power transistor.
Referring to FIG. 3, the sensing unit 600 includes a first
comparator 610, a first transistor unit 620, a capacitor 630, a
second comparator 640, and a recovering unit 650, 660, 670.

The first comparator 610 compares the source voltage CS
of the power transistor with a predetermined first voltage,
such as, for example, 0.7 V. Herein, the first comparator 610
is an OP-AMP having a hysteresis. Therefore, the first com-
parator 610 compares the source voltage CS of the power
transistor with the predetermined first voltage and a predeter-
mined second voltage, such as, for example, 0.5 V.

The first comparator 610 outputs a high signal or a low
signal. If the source voltage CS of the power transistor is
greater than the predetermined first voltage, the first compara-
tor 610 outputs a high signal. If the source voltage CS of the
power transistor is less than the predetermined second volt-
age, the first comparator outputs a low signal.

Herein, the predetermined first voltage is greater than a
range of change of the source voltage that the power transistor
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can have during normal operation. Therefore, when the
source voltage CS of the power transistor is greater than the
predetermined first voltage, it is predicted that the power
transistor is depleted. However, in a case where the source
voltage of the power transistor is greater than the first voltage
temporarily due to noise or the like, a verifying operation is
performed using a configuration as below.

In this example, the first comparator 610 includes an OP-
AMP having a hysteresis, but a general OP-AMP not having
a hysteresis may be used. For example, the first comparator
610 may output a high signal if the source voltage CS of the
power transistor is greater than the predetermined first volt-
age and a low signal if the source voltage CS of the power
transistor is less than the predetermined first voltage.

When the first comparator 610 outputs a high signal, the
first transistor is turned on and provides a constant current,
such as, for example, 1 pA, to the capacitor 630. For example,
the first transistor unit 620 includes an inverter and a p-chan-
nel metal-oxide-semiconductor field-effect (PMOS) transis-
tor.

The inverter reverses the output signal of the first compara-
tor 610. For example, when the first comparator 610 outputs
a high signal, the inverter reverses the high signal and outputs
a low signal. When the first comparator 610 outputs a low
signal, the inverter reverses the low signal and outputs a high
signal.

The PMOS transistor provides the constant current to the
capacitor according to an output signal of the inverter. For
example, a drain of the PMOS transistor is connected to a
constant current source, such as, for example, 1 pA, the
source of the PMOS transistor is connected to an end of the
capacitor, and the gate of the PMOS transistor is connected to
an output end of the inverter.

Therefore, when a high signal is input from the first com-
parator 610, the first transistor unit 620 provides the constant
current to the capacitor. When a low signal is input from the
first comparator 610, the first transistor unit 620 does not
provide the constant current to the capacitor.

In this example, the first transistor includes the PMOS
transistor, but is not limited thereto. The first transistor may
include an n-channel MOS (NMOS) transistor instead of the
PMOS transistor.

The capacitor 630 is charged using the constant current
provided through the first transistor unit 620. Herein, a
capacitance of the capacitor 630 is 1 pF. In the example
embodiment, a capacitor having 1 uF capacitance is used, but
the capacitance of the capacitor is not limited thereto.

The second comparator 640 compares the voltage of the
capacitor 630 with a predetermined third voltage, such as, for
example, 1 V. For example, the second comparator 640
includes an OP-AMP, and the voltage of the capacitor 630 is
input in a positive terminal of the OP-AMP. The predeter-
mined third voltage is input in a negative terminal of the
OP-AMP. Therefore, if the voltage of the capacitor 630 is
greater than the predetermined third voltage, the OP-AMP
outputs a high signal.

As a result, when the source voltage CS of the power
transistor is greater than or equal to the first voltage, which is,
for example, 0.7 V, the PMOS transistor is turned on and the
constant current is provided to the capacitor 630. Therefore,
the capacitor is charged by the provided constant current.
Herein, the voltage of the capacitor is proportionate to a
length of time the constant current is provided.

In this example, a capacitor having a constant current of 1
LA and capacitance of 1 uF is used. As a result, the capacitor
630 has the voltage of 1 V one second after being provided
with the constant current. That is, when the source voltage CS
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of the power transistor is 0.7 V or greater, and that state
continues for one second or more, the second comparator 640
outputs a high signal. Consequently, the sensing unit 600 is
able to sense degradation of the power transistor based on the
output signal of the second comparator 640. As aresult of the
first transistor unit 620, capacitor 630, and second comparator
640, the sensing unit 600 may exclude a case, in which the
source voltage CS is temporarily greater than the predeter-
mined first voltage due to noise or the like, from those where
the source voltage CS of the power transistor is greater than
the predetermined first voltage.

The recovering unit 650, 660, 670 discharges the capacitor
630. For example, the recovering unit 650, 660, 670 includes
a third comparator 650, a logical unit 660, and a second
transistor 670.

The third comparator 650 compares the source voltage CS
of the power transistor with a predetermined fourth voltage.
For example, the third comparator 650 includes an OP-AMP,
and receives the source voltage CS of the power transistor in
apositive terminal of the OP-AMBP. The predetermined fourth
voltage, such as, for example, 0.1V, is received in a negative
terminal of the OP-AMBP. A high signal is outputted from the
OP-AMP of'the third comparator 650 if the source voltage CS
of the power transistor is greater than the predetermined
fourth voltage. A low signal is outputted if the source voltage
CS of the power transistor is less than the predetermined
fourth voltage.

When a dimming signal PWMI is a low signal and an
output of the third comparator 650 is a low signal, the logical
unit 660 turns on the second transistor 670. In addition, the
logical unit 660 turns on the second transistor 670 according
to an external control signal. For example, the logical unit 660
includes a NOR gate, an inverter, and an OR gate.

The NOR gate receives the output of the third comparator
650 and the dimming signal PWMI, and operates as in the
truth table illustrated in FIG. 5. For example, the logical unit
660 outputs a high signal only when the dimming signal
PWMI is a low signal and the output of the third comparator
650 is a low signal.

The inverter reverses an external control signal EN and
outputs it. Herein, the external control signal EN controls an
operational state of the LED driving circuit 1000. For
example, when the external control signal EN is a high signal,
the LED driving circuit 1000 and the sensing unit 600 per-
form the aforementioned operations. However, when the
external control signal EN is a low signal, the LED driving
circuit 1000 and the sensing unit 600 do not perform the
aforementioned operations.

Meanwhile, in the example embodiment, the LED driving
circuit 1000 and the sensing unit 600 operate when the exter-
nal control signal EN is a high signal, but is not limited
thereto. The LED driving circuit 1000 and the sensing unit
600 may also operate when the external control signal EN is
a low signal. In addition, in the example embodiment, only
the examples of using the control signal to control the opera-
tional state of the LED driving circuit 1000 were explained,
but the control signal may be used to control only the opera-
tional state of the sensing unit 600.

The OR gate receives an output signal of the NOR gate and
an output signal of the inverter, and, if one of the two signals
is a high signal, outputs the high signal.

The second transistor 670 discharges the capacitor. For
example, the drain of the second transistor 670 is connected to
the source of the PMOS transistor of the first transistor unit
620, and the gate of the second transistor 670 is connected to
the output end of the logical unit 660. Herein, the second
transistor includes a NMOS. Therefore, when a high signal is
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received from the logical unit 660, the second transistor is
turned on and may discharge the capacitor.

In the example embodiment, the sensing unit 600 includes
the first comparator 610, first transistor unit 620, capacitor
630, second comparator 640, and recovering unit 650, 660,
670, but is not limited thereto. The sensing unit 600 may
include or use only the first comparator 610 or only the first
comparator 610, first transistor unit 620, capacitor 630, and
second comparator 640.

FIG. 4 is a circuit diagram illustrating a sensing unit 1600
according to an example embodiment. For example, the sens-
ing unit 1600 uses an output voltage CS2 of the feedback unit
250 to sense degradation of the power transistor. The sensing
unit 1600 has a similar configuration as the sensing unit 600,
except that the type of power used to sense degradation of the
transistor is different. Referring to FIG. 4, the sensing unit
1600 includes a first comparator 1610, a first transistor unit
1620, a capacitor 1630, a second comparator 1640, and a
recovering unit 1650, 1660, 1670.

The first comparator 1610 compares the output voltage
CS2 of the feedback unit 250 with a predetermined first
voltage, such as, for example, 0.7 V. Herein, the first com-
parator 1610 includes an OP-AMP (comparator) having a
hysteresis. Therefore, the first comparator 1610 compares the
source voltage CS2 of the feedback unit 250 with the prede-
termined first voltage and the predetermined second voltage,
such as, for example, 0.5 V, outputs a high signal if the source
voltage CS2 of the feedback unit 250 is greater than the
predetermined first voltage, and outputs a low signal if the
source voltage CS2 of the feedback unit 250 is less than the
predetermined second voltage. Herein, the predetermined
first voltage is greater than a range of change of the source
voltage that the power transistor has during a normal opera-
tion. Therefore, when the output voltage CS2 of feedback unit
is greater than the predetermined first voltage, it can be pre-
dicted that the power transistor is depleted. However, ina case
where the source voltage of the power transistor is greater
than the first voltage temporarily due to noise or the like, a
verifying operation is performed as is follows.

In the example embodiment, the first comparator 1610
includes the OP-AMP having a hysteresis, but a general OP-
AMP not having a hysteresis may be used as well. That is, the
first comparator 1610 may output a high signal if the output
voltage CS2 of the feedback unit 250 is greater than the
predetermined first voltage and a low signal if the output
voltage CS2 of the feedback unit 250 is less than the prede-
termined first voltage.

When the first comparator 1610 outputs a high signal, the
first transistor is turned on and provides a constant current,
such as, for example, 1 pA, to the capacitor 1630. For
example, the first transistor unit 1620 includes an inverter and
a PMOS transistor.

The inverter reverses the output signal of the first compara-
tor 1610. For example, when the first comparator 1610 out-
puts a high signal, the inverter reverses the high signal and
outputs a low signal. When the first comparator 1610 outputs
a low signal, the inverter reverses the low signal and outputs
a high signal.

The PMOS transistor provides the constant current to the
capacitor 1630 according to an output signal of the inverter.
For example, a drain of the PMOS transistor is connected to a
constant current source, such as, for example, 1 pA, the
source of the PMOS transistor is connected to an end of the
capacitor 1630, and the gate of the PMOS transistor is con-
nected to an output end of the inverter.

Therefore, when a high signal is input from the first com-
parator 1610, the first transistor unit 1620 is turned on and
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provides the constant current to the capacitor 1630. In addi-
tion, when a low signal is input from the first comparator
1610, the first transistor unit 1620 is turned off and does not
provide the constant current to the capacitor 1630.

Meanwhile, in the example embodiment, the first transistor
includes the PMOS ftransistor, but the first transistor may
instead include a NMOS transistor.

The capacitor 1630 is charged using the constant current
provided through the first transistor unit 1620. Herein, the
capacitor 1630 has a capacitance of 1 pF, but the capacitor
1630 and the capacitance is not limited thereto.

The second comparator 1640 compares the voltage of the
capacitor 1630 with a predetermined third voltage, such as,
for example, 1 V. For example, the second comparator 1640
includes an OP-AMP, and the voltage of the capacitor 1630 is
input in a positive terminal of the OP-AMP. The predeter-
mined third voltage is input in a negative terminal of the
OP-AMP. Thus, if the voltage of the capacitor 1630 is greater
than the predetermined third voltage, the OP-AMP outputs a
high signal.

Therefore, when the output voltage CS2 of the feedback
unit 250 is greater than or equal to the first predetermined
voltage 0.7 V, the PMOS transistor is turned on and the
constant current is provided to the capacitor 1630. Thus, the
capacitor 1630 is charged by the provided constant current.
Herein, the voltage of the capacitor 1630 is proportionate to a
length of time the constant current is provided.

In the example embodiment, a capacitor 1630 has a con-
stant current of 1 pA and a capacitance of 1 pF. Thus, the
capacitor 1630 has the voltage of 1 V one second after being
provided with the constant current. That is, when the output
voltage CS2 of the feedback unit 250 is greater than or equal
to 0.7 V, and that state continues for one second or more, the
second comparator 1640 outputs a high signal. Consequently,
the sensing unit 1600 becomes able to sense degradation of
the power transistor based on the output signal of the second
comparator 1640. Such a sensing unit 1600 may exclude a
case where the output voltage CS2 of the feedback unit 250 is
temporarily greater than the predetermined first voltage due
to noise or the like of among the cases where the output
voltage CS2 of the feedback unit 250 is greater than the
predetermined first voltage, in that it has the first transistor
unit 1620, capacitor 1630, and second comparator 1640.

The recovering unit 1650, 1660, 1670 discharges the
capacitor 1630. For example, the recovering unit 1650, 1660,
1670 includes a third comparator 1650, a logical unit 1660,
and a second transistor 1670.

The third comparator 1650 compares the output voltage
CS2 of the feedback unit 250 with a predetermined fourth
voltage. For example, the third comparator 1650 includes an
OP-AMP, and receives the output voltage CS2 of the feed-
back unit 250 in a positive terminal of the OP-AMP. The third
comparator 1650 receives the predetermined fourth voltage,
such as, for example, 0.1 V, in a negative terminal of the
OP-AMP, outputs a high signal if the output voltage CS2 of
the feedback unit 250 is greater than the predetermined fourth
voltage, and outputs a low signal if the output voltage CS2 of
the feedback unit 250 is less than the predetermined fourth
voltage.

When a dimming signal PWMI is a low signal and an
output of the third comparator 1650 is a low signal, the logical
unit 1660 turns on the second transistor 1670. In addition, the
logical unit 1660 turns on the second transistor 1670 accord-
ing to an external control signal EN. For example, the logical
unit 1660 includes a NOR gate, an inverter, and an OR gate.

The NOR gate receives the output of the third comparator
1650 and the dimming signal PWMI, and operates as in the
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truth table illustrated in FIG. 5. For example, the logical unit
1660 outputs a high signal only when the dimming signal
PWMI is a low signal and the output of the third comparator
1650 is a low signal.

The inverter reverses an external control signal EN and
outputs it.

The OR gate receives an output signal of the NOR gate and
an output signal of the inverter and, if one of the two signals
is a high signal, outputs the high signal.

The second transistor 1670 discharges the capacitor. For
example, the drain of the second transistor 1670 is connected
to the source of the PMOS transistor of the first transistor unit
1620, the source of the second transistor 1670 is connected to
a ground, and the gate of the second transistor 1670 is con-
nected to an output end of the logical unit 1660. Herein, the
second transistor 1670 includes a NMOS. Therefore, when a
high signal is received from the logical unit 1660, the second
transistor 1670 is turned on and may discharge the capacitor
1630.

Inthe example embodiment, the sensing unit 1600 includes
the first comparator 1610, the first transistor unit 1620, the
capacitor 1630, the second comparator 1640, and the recov-
ering unit 1650, 1660, 1670, but the sensing unit 1600 may
include or use only the first comparator 1610, the first tran-
sistor 1620, the capacitor 1630, and the second comparator
1640.

FIG. 6 is a wave diagram illustrating an example of an
explanation of operations of a LED driving circuit during
normal operation. In addition, FIG. 7 is a wave diagram
illustrating an example of an explanation of operations of a
LED driving circuit during abnormal operation.

With reference to FIGS. 6 and 7, in a case where the power
transistor is operating normally and when the PWM signal
DL input in the gate of the power transistor is turned on, the
voltage value of the source voltage CS of the power transistor
increases. In addition, when the PWM signal DL input in the
gate of the power transistor is turned off, the voltage value of
the source voltage CS of the power transistor decreases.
Herein, the source voltage of the power transistor has a volt-
age range of approximately 0 V to 0.5 V.

However, in a case where the power transistor is not oper-
ating normally, even if the PWM signal DL input in the gate
of the power transistor is turned off, the voltage value of the
source voltage CS of the power transistor does not decrease.
That is, the power transistor is shut, and maintains the turned
on state regardless of the PWM signal DL input in the gate of
the power transistor.

As aforementioned, when the power transistor is not oper-
ating normally, the source voltage CS of the power transistor
maintains a voltage value to be within the normal operation
voltage range of approximately 0 V to 0.5 V or greater than
that of the normal operation voltage range.

FIGS. 8 and 9 are wave diagrams illustrating examples of
explanations of operations of a sensing unit according to an
example embodiment. For example, FIG. 8 is a wave diagram
in a case where the power transistor is depleted, and FIG. 9 is
a wave diagram in a case where noise is temporarily experi-
enced.

With reference to FIG. 8, when the source voltage CS of the
power transistor becomes the first predetermined voltage of
equal to or greater than 0.7 V by the degradation of the power
transistor, the constant current is provided to the capacitor
630, and the capacitor 630 is charged by the provided constant
current. Meanwhile, as the constant current is provided to the
capacitor 630, the voltage value SCP gradually increases, and
the second comparator 640 outputs a high signal FL'T when
the voltage value SCP of the capacitor 630 is equal to or
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greater than 1 V. That is, when the source voltage CS of the
transistor is maintained to be equal to or greater than a first
predetermined voltage, such as, for example, 0.7 V, for a
predetermined time, such as, for example, 1 second, or more,
the sensing unit 600 may sense that the power transistor is
depleted.

With reference to FIG. 9, when the source voltage CS of the
power transistor temporarily becomes 0.7 V or greater, the
constant current is provided to the capacitor 630, and the
capacitor 630 is charged by the provided constant current.
However, the source voltage CS of the power transistor imme-
diately becomes 0.5 V or less, thereby serving to halt the
supply of the constant current to the capacitor 630.

In addition, as the dimming signal PWMI is a low signal,
and the output signal of the third comparator 640 is a low
signal, the second transistor 670 is turned on, and the capaci-
tor 630 is discharged. Therefore, the output voltage FLT of the
second comparator 640 maintains the low signal.

According to teachings above, there is provided a LED
driving circuit that may sense degradation of a power transis-
tor thereof using a sensing unit, thereby enabling a user to
easily know of an error related to the LED driving circuit.

A number of examples have been described above. Never-
theless, it will be understood that various modifications may
be made. For example, suitable results may be achieved if the
described techniques are performed in a different order and/or
if components in a described system, architecture, device, or
circuit are combined in a different manner and/or replaced or
supplemented by other components or their equivalents.
Accordingly, other implementations are within the scope of
the following claims.

What is claimed is:

1. An LED driving circuit, comprising:

an input unit configured to receive a dimming signal to
drive an LED array;

a DC-DC converter, comprising a power transistor, config-
ured to perform a switching operation, wherein the DC-
DC converter is configured to use the switching opera-
tion to provide an output voltage to the LED array;

a PWM signal generating unit configured to provide a
PWM signal to the power transistor to adjust power of
the LED array;

an LED driving unit configured to use the dimming signal
to drive the LED array; and

a sensing unit configured to sense a degradation of the
power transistor.

2. The LED driving circuit according to claim 1, wherein
the sensing unit is configured to use a source voltage of the
power transistor to sense the degradation of the power tran-
sistor.

3. The LED driving circuit according to claim 2,

wherein the sensing unit comprises:
afirst comparator configured to output a first high signal,

when a voltage level of a source voltage of the power
transistor is greater than a voltage level of a predeter-
mined first voltage; and

wherein the sensing unit is configured to use the outputted
first high signal to sense the degradation of the power
transistor.

4. The LED driving circuit according to claim 3, wherein

the first comparator comprises:

a hysteresis comparator configured to output the first high
signal and a low signal;

wherein the first high signal is outputted when the voltage
level of the source voltage is greater than the voltage
level of the predetermined first voltage;
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wherein the low signal is outputted when the voltage level

of the source voltage is less than a voltage level of a

predetermined second voltage; and

wherein the voltage level of the predetermined second

voltage is less than the voltage level of the predeter-

mined first voltage.

5. The LED driving circuit according to claim 3,

wherein the sensing unit further comprises:

a capacitor,

a first transistor, and

a second comparator;

wherein when the first comparator outputs the first high

signal, the first transistor is configured to turn on and

provide a constant current to the capacitor;

wherein the second comparator is configured to output a

second high signal when a voltage level of the capacitor

is greater than a voltage level of a predetermined third
voltage; and

wherein the sensing unit is configured to use the outputted

second high signal to sense the degradation of the power

transistor; and

wherein the sensing unit is configured to use a source

voltage of the power transistor to sense the degradation

of the power transistor.

6. The LED driving circuit according to claim 5,

wherein the capacitor comprises a capacitance of about 1

uF;

wherein the constant current is about 1 puA; and

wherein the voltage level of the predetermined third volt-

ageis about 1 V.

7. The LED driving circuit according to claim 5, wherein
the sensing unit further comprises:

a second transistor configured to discharge the capacitor

according to an external control signal.

8. The LED driving circuit according to claim 7,

wherein the sensing unit further comprises:

a recovering unit configured to control the second tran-
sistor to discharge the capacitor, when the voltage
level of the source voltage of the power transistor is
less than a voltage level of a predetermined fourth
voltage; and

wherein the voltage level of the predetermined fourth volt-

age is less than the voltage level of the predetermined

first voltage.

9. The LED driving circuit according to claim 8, wherein
the recovering unit is further configured to control the second
transistor to be turned on, when the dimming signal is a low
signal and the voltage level of the source voltage of the power
transistor is less than the voltage level of the predetermined
fourth voltage.

10. The LED driving circuit according to claim 5,

wherein the sensing unit further comprises:

a second transistor, and

a recovering unit;

wherein the second transistor is configured to discharge the

capacitor;

wherein the recovering unit is configured to control the

second transistor to discharge the capacitor, when the

voltage level of the source voltage of the power transis-
tor is less than a voltage level of a predetermined fourth
voltage; and

wherein the voltage level of the predetermined fourth volt-

age is less than the voltage level of the predetermined

first voltage.

11. The LED driving circuit according to claim 10, wherein
the recovering unit is further configured to control the second
transistor to be turned on, when the dimming signal is a low
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signal and the voltage level of the source voltage of the power
transistor is less than the voltage level of the predetermined
fourth voltage.

12. The LED driving circuit according to claim 1,

wherein the PWM signal generating unit comprises a feed-
backunit configured to compare a voltage level of anode
in contact with the LED array and the

LED driving unit with a voltage level of a predetermined
fifth voltage, and output a voltage indicating a result of
the comparison;

wherein the sensing unit is configured to use the output
voltage of the feedback unit being to sense the degrada-
tion of the power transistor.

13. The LED driving circuit according to claim 12,

wherein the sensing unit further comprises:

a capacitor,

a first comparator,

a first transistor, and

a second comparator;

wherein the first comparator is configured to output a high
signal when a voltage level of the output voltage of the
feedback unit is greater than a voltage level of a prede-
termined first voltage;

wherein the first transistor is turned on and configured to
provide a constant current to the capacitor when the first
comparator outputs the high signal;

wherein the second comparator is configured to output an
error signal when a voltage level of the capacitor is
greater than a voltage level of a predetermined third
voltage; and

wherein the outputted error signal of the second compara-
tor is used by the sensing unit to sense the degradation of
the power transistor.

14. The LED driving circuit according to claim 13,

wherein the first comparator comprises a hysteresis com-
parator configured to output the high signal and a low
signal;

wherein the high signal is outputted when the voltage level
of the output voltage of the feedback unit is greater than
the voltage level of the predetermined first voltage;

wherein the low signal is outputted when the voltage level

of the output voltage of the feedback unit is less than a

voltage level of a predetermined second voltage; and

wherein the voltage level of the predetermined second
voltage is less than the voltage level of the predeter-
mined first voltage.

15. The LED driving circuit according to claim 13,

wherein the capacitor comprises a capacitance of about
1pF;

wherein the constant current is about 1pA; and

wherein the voltage level of the predetermined third volt-

age is about 1 V.

16. The LED driving circuit according to claim 13,
wherein the sensing unit further comprises:

a second transistor configured to discharge the capacitor
according to an external control signal.

17. The LED driving circuit according to claim 16,
wherein the sensing unit further comprises:

a recovering unit configured to control the second tran-
sistor to discharge the capacitor, when the voltage
level of the power transistor is less than a voltage level
of a predetermined fourth voltage; and

wherein the voltage level of the predetermined fourth volt-
age is less than the voltage level of the predetermined
first voltage.

18. The LED driving circuit according to claim 17, wherein

the recovering unit is further configured to control the second
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transistor to be turned on, when the dimming signal is a low
signal and the voltage level of the power transistor is less than
the voltage level of the predetermined fourth voltage.

19. The LED driving circuit according to claim 13,

wherein the sensing unit further comprises:

a second transistor, and
a recovering unit;

wherein the second transistor is configured to discharge the

capacitor;

wherein the recovering unit is configured to control the

second transistor to discharge the capacitor, when the
voltage level of the power transistor is less than a voltage
level of a predetermined fourth voltage; and

wherein the voltage level of the predetermined fourth volt-

age is less than the voltage level of the predetermined
first voltage.

20. The LED driving circuit according to claim 19, wherein
the recovering unit is further configured to control the second
transistor to be turned on, when the dimming signal is a low
signal and the voltage level of the power transistor is less than
the voltage level of the predetermined fourth voltage.
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21. The LED driving circuit according to claim 1,

wherein the PWM signal generating unit comprises:
a signal generating unit,
a feedback unit, and
a control unit;

wherein the PWM signal generating unit is configured to
generate the PWM signal to be provided to the power
transistor of the DC-DC converter;

wherein the feedback unit is configured to compare a volt-
age level of a node in contact with the LED array and the
LED driving unit, with a voltage level of a predeter-
mined fifth voltage, and to output a voltage indicating a
result of the comparison;

wherein the control unit is configured to control the signal
generating unit to reset when a voltage level of a first
added voltage is greater than a voltage level of a second
added voltage when a source voltage of the power tran-
sistor and a triangle wave having a predetermined fre-
quency are added, and when the output voltage of the
feedback unit and a predetermined sixth voltage are
added.



